Abstract The congenital dyserythropoietic anemias (CDAs) are a group of rare hereditary disorders characterized by ineffective erythropoiesis and distinct morphologic
Introduction
The congenital dyserythropoietic anemias (CDAs) are a group of rare hereditary anemias resulting from constitutional defects in erythrocyte maturation associated with characteristic dysplastic features involving bone marrow erythroblasts and were initially described by Wolff and von Hofe in 1951 [1] . The classification scheme originally outlined by Heimpel and Wendt in 1968 is still in use today, subcategorizing the CDAs as Type I, Type II, and Type III [2, 3] . Various proposed new subtypes have also been published [4] [5] [6] .
CDA II is the most common subtype of CDA with more than 300 cases reported in the literature, predominantly within European and Mediterranean populations. The severity of anemia in CDA II ranges from mild to transfusion-dependent. Other clinical features include splenomegaly resulting from sequestration of abnormal circulating erythrocytes and jaundice due to unconjugated hyperbilirubinemia. Secondary hemochromatosis from iron overload may also occur in some patients especially if left untreated [7] .
CDA II exhibits autosomal recessive transmission. Since its inception, the molecular pathogenesis of CDA II was not fully defined and was thought to be owed predominantly to defects in glycosylation of the red cell membrane proteins band 3 (anion exchange protein transporter 1) and band 4.5 (glucose transporter 1) [8, 9] . Genome-wide linkage analysis relegated genetic mutations to the long arm of chromosome 20 in a region referred as the CDAN 2 locus [10] ; however, the majority of specific candidate genes within this region had been excluded [11] . As recently as 2009, investigators have demonstrated that CDA II is caused by missense mutations in the SEC23B gene encoding coat protein complex II (COPII), complex proteins critical for membrane homeostasis and vesicular trafficking from the endoplasmic reticulum to the golgi complex in eukaryotes [12] . Disruption of SEC23B gene expression has been shown to recapitulate the nuclear cytokinesis and double cell membrane defects characteristic of CDA II erythroblasts [13, 14] .
The current "gold standard" for diagnosis of CDA II is bone marrow biopsy in conjunction with laboratory tests. We present a case of CDA II diagnosed in a 48-year-old woman who presented with longstanding anemia of unknown etiology.
Case report
The patient is a 48-year-old woman of Greek descent referred to our hospital for management of fatigue and longstanding anemia of unknown etiology since childhood. The patient had been subjected to an extensive clinical work-up for many years including hemoglobin electrophoresis, serum iron studies, folate and B12 levels, antibody screening, whole blood lead levels, and thyroid and liver function tests, the results of which were all within normal ranges. Complete blood count at presentation showed: WBC, 8.2 k/μL; RBC, 3.46 M/μL; Hb, 9.8 g/dL; HCT, 28.4%; MCV, 82 fL; MCH, 28.2 pg; MCHC, 34.4 g/dL; RDW, 16.4%; and platelet, 228 k/μL. Absolute reticulocyte count was normal (0.1166 M/μL). Physical examination revealed mild scleral icterus; no splenomegaly or other abnormal findings were noted. Iron studies showed elevated ferritin (598.3 ng/mL), normal serum iron (122 g/dL), and normal total iron binding capacity (264 μg/dL). Total bilirubin was elevated (2.3 g/dL), and direct bilirubin was within normal limits (0.2 g/dL). Serum haptoglobin level was decreased (28 mg/dL). No abnormal hemoglobin was detected by hemoglobin electrophoresis. Review of the peripheral blood smear showed normocytic normochromic anemia with occasional teardrop forms and nucleated red blood cells, and rare myelocytes were also present. Therefore, a bone marrow biopsy was performed to rule out an infiltrative process in the bone marrow.
Results
The peripheral blood smears showed a normochromic, normocytic anemia with increased polychromasia and anisopoikilocytosis including occasional teardrop forms.
Occasional red blood cells with coarse basophilic stippling were seen. Occasional circulating nucleated red blood cells were also present, including binucleated forms ( Fig. 1 ) Neutrophils were adequate with unremarkable morphology; rare myelocytes were present. Platelets were adequate in number with unremarkable morphology.
The bone marrow aspirate smears demonstrated marked proliferation of erythroid precursors with a myeloid to erythroid ratio of 1:10. The most striking feature was the prominent binucleation of the erythroblasts characterized by equal size of the two nuclei; occasional multinucleated erythroblasts were also seen (Figs. 2 and 3). These binucleated erythroblasts represented approximately 40% of the total erythroid precursors, and were all at the later stages of maturation, mostly late polychromatophilic or orthochromatophilic erythroblasts. Myeloid precursors showed normal, progressive maturation, and megakaryocytes were morphologically unremarkable. Sections of the bone marrow core biopsy displayed marked hypercellularity (95% cellular) with erythroid predominance. The binucleation of the erythroid precursors was also easily appreciated in the core biopsy (Fig. 4) . Results of flow cytometric immunophenotyping of the bone marrow aspirate were unremarkable. Cytogenetic analysis revealed a normal female karyotype.
A diagnosis of CDA II was made based on the characteristic bone marrow findings of binucleation with equal-sized nuclei in approximately 40% of late polychromatophilic or orthochromatophilic erythroblasts in conjunction with the clinical history of longstanding anemia since childhood, clinical and laboratory evidence of hemolysis (scleral icterus, unconjugated hyperbilirubinemia, and decreased haptoglobin), and evidence of ineffective erythropoiesis reflected by the normal absolute reticulocyte count in the peripheral blood in the presence of marked erythroid hyperplasia in the bone marrow. The patient's management has included folic acid supplementation, monitoring of serum ferritin levels every 3 months, and recommendations for splenectomy in the event of progression in severity of anemia or iron chelation therapy should ferretin levels exceed 1,000 ng/mL. During the course of 3 years of clinical follow-up, the patient's performance status and severity of anemia have shown no significant changes, but her serum ferritin level has been increased up to 744.9 ng/mL (normal reference ranges, 11.0-307.0 ng/mL).
Discussion
CDA II is also known as hereditary erythroblastic multinuclearity with a positive acidified serum test (HEMPAS), familial benign erythroblastic polyploidy, and hemolytic splenomegalic erythropolydyskaryosis. It is the most widely documented subtype of CDA, with approximately 367 cases reported in the literature, predominantly in European populations [15] . The term HEMPAS derives from observations by Crookston et al. that the red blood cells from CDA II patients demonstrated susceptibility to lysis in ABO-compatible normal sera in the acidified serum lysis test (HAM's test) [16] . CDA II is an autosomal recessive disorder. The anemia in CDA II was initially thought to be due to ineffective erythropoiesis secondary to the glycosylation defects of red blood cell membrane proteins. Recent studies have demonstrated that missense mutations in SEC23B gene are responsible for the disease. These mutations result in the impaired expression of COPII proteins which are essential for functional golgi processing in erythrocytes.
Although many CDA II patients are diagnosed in their infancy or childhood, some patients, as in our case, remain unrecognized until late adulthood likely secondary to less severe anemia. Patients often have splenomegaly and jaundice, and less frequently, hepatomegaly. Our patient had scleral icterus at presentation, but no organomegaly was identified. Transfusion dependence is seen in approximately in 10% of CDA II patients during infancy and early childhood, but usually resolves with age. Although typically considered a relatively benign condition, neonatal mortality has been documented, likely secondary to inadequate functional marrow reserves during early life [17] . Cholelithiasis may be seen with increased frequency in patients concurrently suffering from Gilbert's syndrome [18] . Rare instances of extramedullary hematopoiesis-related paravertebral tumors have been reported, as have associations with various hematological and non-hematological disorders Fig. 4 Bone marrow core biopsy demonstrated marked erythroid hyperplasia. The binucleation of erythroblasts were readily appreciated (×600, H&E stain) Fig. 3 The binucleation of erythroblasts was characterized by two equal-sized nuclei and present in the erythroblasts at the later stages of maturation, mostly late polychromatophilic or orthochromatophilic erythroblasts (×1000, Wright-Giemsa stain) including Dubin-Johnson syndrome, Von Willebrand's disease, mental retardation, and Sweet's syndrome [19] [20] [21] .
As exemplified in our case, CDA II patients may have a relatively indolent clinical course due to less severe hemolytic anemia, thus resulting in delayed diagnosis. When patients present in late adulthood for evaluation of anemia, CDA becomes even less of a differential diagnostic consideration, and therefore, a bone marrow biopsy may not be performed. In addition, many pathologists may not be familiar with the typical bone marrow morphology in CDA II patients. The morphologic findings of the peripheral blood in CDA II patients are often highly nonspecific. In our case, coarse basophilic stippling was noted in erythrocytes which may be seen in lead intoxication, megaloblastic anemia, thalessemia, or other severe anemias. The presence of occasional teardrop red blood cells, nucleated red blood cells, and rare myelocytes in the peripheral blood smears in our case prompted bone marrow biopsy to rule out a marrow infiltrative process. Bone marrow examination remains the "gold standard" for diagnosis of CDA II. The characteristic feature in the bone marrow in CDA II is erythroblastic binucleation with equal size of the two nuclei [22] . The binucleation is usually present in more than 10% of erythroblasts, and is typically restricted to late polychromatophilic or orthochromatophilic erythroblasts. Karyorrhexis is common, and multinucleation may also be present. Pseudo-Gaucher cells may be seen, reflecting phagocytosis of erythropoietic debris from ineffective erythropoiesis within the reticuloendothelial system [23] .
Diagnosis of CDA II in our case was based on the characteristic bone marrow findings of binucleation with equal-sized nuclei in approximately 40% of late polychromatophilic or orthochromatophilic erythroblasts, clinical history of longstanding anemia since childhood, and clinical and laboratory evidence of hemolysis and ineffective erythropoiesis.
According to previously proposed classification schemes [24, 25] , confirmation of CDA II includes sodium dodecyl sulfate polyacrylamide gel electrophoresis for erythrocyte band 3 protein [26] , acidified serum lysis testing (HAM's test) [16] , electron microscopy to demonstrate the presence of a double membrane adjacent the cell membrane in mature red blood cells [27] , or assessment of mutation status of the recently recognized SEC3B gene [12] . These specialized tests, however, are not available in most clinical laboratories. Heimpel et al. have recently evaluated the morphologic findings of the peripheral blood and bone marrow biopsies from 36 confirmed CDA II cases obtained from the German Registry of Congenital Dyserythropoietic Anemias and found that if more than 10% of typical binucleated erythroblasts are seen, together with more than 2% of cells with karyorrhexis, the diagnosis of CDA II is essentially confirmed [23] . In our patient, approximately 40% of mature erythroblasts showed binucleation with two equal-sized nuclei, characteristic for CDA II.
The most important complication of CDA II is iron overload, reflected by an increased ferritin level, with kinetics similar to untreated hereditary hemochromatosis or thalassemia intermedia. Serum ferritin levels increase with time in both untransfused and transfused patients, irrespective of the HFE H63D genotype, suggesting that increased erythropoiesis is the primary cause of iron overload [28] . Although the precise mechanism responsible for iron overload in CDA II has not been elucidated, secondary hemochromatosis in CDA II patients likely stems from increased iron absorption in response to ineffective erythropoiesis and secondary erythroid hyperplasia. Severe endorgan damage has been noted to occur in CDA II patients not receiving treatment for iron overload. Indeed, congestive heart failure from CDA II-related secondary hemochromatosis has been documented [17] . Iron chelation therapy represents the mainstay of supportive management of CDA II patients. Therefore, early recognition of CDA II is important in preventing end-organ damage secondary to iron overload [29] . Since the diagnosis of CDA II was made on the bone marrow biopsy, our patient has been followed up for ferritin levels every 3 months. She has shown elevations in serum ferritin levels up to 744.9 ng/mL during the course of 3 years of follow-up. It has been recommended that iron chelation therapy will be administered when the ferretin level exceeds 1,000 ng/mL.
Clinically, CDA II is not infrequently misdiagnosed as hereditary spherocytosis (HS) due to hemolysis-related symptoms and laboratory findings. CDA II, however, may exhibit reticulocytosis incommensurate to the degree of anemia as compared to HS which typically shows an adequate marrow compensatory response. Of note, our patient showed an absolute reticulocyte count within normal range despite marked erythroid hyperplasia in the bone marrow, reflecting the ineffective erythropoiesis in CDA II patients. Dyserythropoiesis can be seen in various conditions including exposure to heavy metals, particularly arsenic, and certain medications, vitamin B12 and folic acid deficiency, and myelodysplastic syndrome (MDS). Erythroblasts in these conditions often show a wide range of dysplastic features including megaloblastic changes, karyorrhexis, nuclear budding, internuclear bridging, or multinucleation. Binucleation with equal-sized nuclei characteristic of CDA II, however, is never the predominant feature in these conditions. Additional clinical, laboratory, and ancillary studies, as well as morphologic findings in other cell lineages in the bone marrow, assist in the differential diagnosis. Dysplastic features in CDA I and CDA III are characterized by internuclear bridging and giant erythroblasts with highly complex nuclei, respectively. These features may also be seen in other conditions such as arsenic poisoning or MDS.
Therefore, CDA should be considered as a cause of dysplasia when it is confined to the erythroblasts [30] .
In summary, CDA II represents the most common subtype of the CDAs. Patients may remain undiagnosed until well into adulthood due to the variability in the severity of anemia and the nonspecific morphologic findings in the peripheral blood. Bone marrow biopsy is the "gold standard" for diagnosis of CDA II, and is characterized by erythroid hyperplasia and binucleation of equal-sized nuclei in at least 10% of more mature erythroblasts. Despite the clinical picture of hemolytic anemia and marked erythroid hyperplasia in the bone marrow, the absolute reticulocyte count is often normal, reflecting the ineffective erythropoiesis in CDA patients. It is important to include CDAs in the differential diagnosis in adult patients with longstanding anemia and dysplasia in the bone marrow confined to the erythroblasts. Early recognition of CDA II is important to prevent end-organ damage secondary to iron overload.
